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Abstract 
Electrical signals in plants play the role of biological messages. It is significant to make them understood. In order to 
acquire the basic characteristics of the electrical signal in corn, wavelet soft-threshold de-noising method was 
introduced to reduce the noise for the acquisition signals. The amplitudes of electrical signals in corn were μV level, 
and the frequencies were below 1Hz, large parts of which were lower than 0.5Hz. The amplitudes were large, and the 
distribution of power spectrum was stable when the environment temperature between 20ć and 35ć. The ratio of 
signal below 0.1Hz gained when the temperature was above 35ć, while the amplitude reduced obviously. It can be 
considered that the disappearance of the high frequency and the reducing of the amplitudes were the signs of cell vital 
activity subsiding. Thus, it is possible to achieve the prediction life status according to the amplitudes and the 
frequencies of electrical signals in plants. 
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1. Introduction 
Modern agriculture is developing to precision agriculture, which depends on collecting the life 
information nondestructively, fast and accurately. The current researches focused on spectrum analysis, 
image processing and fluorescence analysis [1]. Recent studies show that electrical signals in plants are 
connected with lots of life processes. Changes of electrical signals in plants can cause physiological 
changes such as growth and metabolism, respiration, water absorption and transport of substances in 
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plant[2,3,4]. Due to electrical signals in plants play parts in the signal transduction between cells and then 
cause physiological changes, they change before various physiological changes and morphological 
changes[5,6,7]. If electrical signals in plants, as a type of life information, can be extracted and analyzed, 
early warning and diagnosis of plant life state can be realized. So, plant signal analysis technology is 
potentially one of the most attractive techniques for nondestructive testing of plants life information. The 
signals are so weak and complex random signals, few studies on analysis and interpretation of this signal, 
that the basic characteristics and rules are still unclear. As corn is a major crop of global grain production, 
and temperature is the most important environmental factors of crop growth, corn was chosen as the 
object. By collecting and analyzing electrical signals in corn, the basic characteristics of the signals and 
rules under various temperatures were studied. 
2.  Experimental materials and methods 
2.1.  Experimental materials and Test methods 
Corn (Zea mays L) seeds, Shaannong 226#, were provided by College of Agronomy, Northwest A&F 
University. The seeds were moved into flower pots after germinated in incubator. The electrical signals 
were not collected until the corns grew about 35cm high and had 9 leaves. 
The BL-420S biological function experiment system (designed by Chengdu TME Technology Co, Ltd.) 
was used to measure electrical signals. The input impedance is 400 Mȍ, and every input channel is 
photoelectrically isolated, which decreases outside interference. The equivalent input noise voltage of the 
instrument is less than 1 ȝV. The measuring system is shown in Fig. 1. The constant temperature control 
system, shielding box, and measuring instrument were grounded. The sampling rate was 2 KHz, the 
frequency of the low-pass filter was 500Hz, and that of the high-pass filter was 0.053Hz. 
 
Fig. 1. schematic diagram of experimental apparatus 
In order to obtain more accurate electrical signals, the high sensibility silver ECG electrodes (L-00-S) 
made by AMBU were used. The fluctuation range of signals between 0Hz and 50Hz collected by this 
electrode is less than 0.5% when temperature ranging from 20ć to 45ć. Electrode A sticks on the front 
tip of the leaf; electrode B sticks on the back bottom; distance between the two electrodes was 15cm. A 
sheet of copper buried into the basin was connected with electrode C. The electrical signals were 
measured after the temperature was kept constant for 60 minutes, and the collecting time was 20 minutes. 
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2.2.   Analysis method 
During the experiment, although grounding, shielding and other measures were used to minimize 
outside interference, the collected signals still contained some noise. The signals were analyzed and 
disposed with the wavelet soft threshold de-noising [8]. 
Wavelet transform is defined as: 
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Where, Ȍ is based-wavelet, f(t) is the signal which contains the noise, a is scaling factor, b is 
displacement factor. The signals are decomposed into two parts including approximation coefficient and 
detail coefficient by wavelet transforming. De-noising is a threshold quantization processing on the detail 
coefficients of each decomposition scale to select a threshold value, and then the signal is reconstructed. 
When selecting threshold, the noise standard deviation σ  of original signal is determined with estimation 
method. It is showed in equation (2):  
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Where, i is wavelet decomposition scale, median is the order of the value of MATLAB. Unified threshold 
of Donoho and Johnstone is adopted in this paper. 
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In which, N is the length of signal, i is wavelet decomposition scale, z is constant. According to the 
equation (3) the threshold of each scale is calculated, then wavelet detail coefficients are quantized by 
using soft-threshold. When the absolute value of wavelet coefficients is less than the threshold, the 
wavelet coefficient is zero. Otherwise, the wavelet coefficient is the value of subtracting the threshold 
from them. It is showed in equation (4): 
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Where, Ȧ is the size of wavelet coefficients, tiw , is the wavelet coefficient after threshold. 
The signal f(t) is got from inverse wavelet transform. The equation is as follows:  
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Typically, the spectrums of useful signal and noise are different, so power spectrum estimation is an 
effective way to extract useful signal on the noise background. Spectrum estimation methods are 
composed of classical spectrum estimation (non-parameter estimation) and modern spectral estimation 
(parameter estimate).The former includes BT, Welch, Bartlett and periodogram method, the latter 
includes Levinsio and Burg method [9,10,11,12]. Classical spectrum estimation is not only simple for 
calculation of short-term signal, but also periodogram method has the higher resolution and reliability on 
the basis of long data series. Therefore periodgram method was used to analyze plant electrical signals in 
this paper. 
The power spectrum of stationary random process is estimated by periodogram defined as follows: 
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The first, a window function is added to data. The rectangular window is used in this paper as follows:  
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The power spectrum can be obtained as: 
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3. Results and Discussion 
3.1. The basic characteristics of corn electrical signals 
Fig. 2 is the time domain waveform of electrical signals in corn at 20ć. From Fig. 2, it can be seen 
that the electrical signals of corn were stochastic with the amplitude of μV-level. This waveform was 
decomposed through a db7 wavelet at seven scales, soft-threshold de-noised, and reconstructed. The 
result was shown in Fig. 3. It can be seen from Fig. 3 that the characteristics of original signal is kept very 
well, while the noise is filtered. 
 
 
 
 
 
 
 
 
Fig. 2. original electrical signals in Corn at 20ć                                   Fig. 3. de-noised electrical signals in Corn at 20ć 
3.2. The power spectra of signal under different temperatures 
The electrical signals in corn collected at 20, 26, 30, 35, 40 and 45 cent degrees were de-noised by 
using the same method. As were shown in Fig. 5, the power spectrum of every temperature was obtained 
by periodogram. From the Fig. 5, it can be seen that almost all of the signals are below 1Hz at different 
temperatures, and those below 0.5Hz account for the most part. Also, the frequency distributions of 
electrical signals are affected by environment temperature. 
In order to illustrate the effect on power spectrum by environment temperature, energy proportion was 
counted for every 0.1Hz, and the result is shown in Fig. 6. That below 0.1 Hz takes up 50% to 95% 
percentage at different environmental temperature. When temperature is between 20ć to 35ć, energy 
percentages are about 60%, 20%,10% and 5% for the 0~0.1Hz, 0.1~0.2Hz, 0.2~0.3Hz and 0.3~0.4Hz, 
respectively. In the range of 20ć to 35ć, as the environmental temperature rises, the engage proportion 
of signals below 0.1Hz increases gradually, while that above 0.1Hz decreases. But the trends are not 
pronounced. However, when the temperature is above 35ć, the trends gets dramatically. 
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3.3. The amplitudes of electrical signals in corn under different temperatures 
The amplitudes of electrical signals in Corn change at different temperatures, as are shown in Fig. 7. It 
can be seen that the amplitudes of electrical signals are large when temperature rises from 20ć to 35ć 
and decreases slowly, but the trends become obviously when temperature rises from 35ć to 45ć. 
 
 
  Fig. 5. the power spectra of electrical signals in Corn at different ambient temperature (a) T=20ć˗(b)T=26ć˗(c) T=30ć˗(d) 
T=35ć ˗(e) T=40ć˗ (f) T=45ć 
 
 
 
 
 
 
 
 
 
Fig. 6. the energy percentages of electrical signals in Corn                            Fig. 7. the amplitudes of electrical signals in Corn 
4. Discussion 
The potential difference exists in living cell membranes, negative inside and positive outside. A variety 
of ions transported through ion channels on the cell membrane, as beings live on, causing the membrane 
potential altered. When the alteration passed among cells by the electrical coupling, the variation in 
electrical potential is formed. Such a variation in electrical potential is called electrical signal. When life 
acts in a regular fashion, electric signals of plants hold constant frequencies and amplitudes, and will 
change upon exterior interferences with activities of life. Thus, extracting and analyzing features of 
electrical signals in plants can enhance understanding the condition of life. By adopting wavelet 
transformation and power spectral analysis, the thesis reveals that, from 20ć to 35ć, the electrical 
signals in corn were random signals with the amplitudes being of μV level and frequencies under 1Hz. 
Within such temperature range, amplitudes of surface potential remain large while power spectra got 
evenly distributed. On the contrary, when temperature rising above 35ć, low-frequency signals (below 
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0.1Hz) got more stakes in gross energy, even more than 90%, though the amplitudes decreased 
dramatically at the same time. The acceptable temperature for the growth of corn ranges from 20ć to 
35ć, so life activities of cells decreases when exposed in a temperature exceeding that limit, the variation 
of overall surface potential slows down, growth is restrained as well. Therefore, the disappearance of 
high-frequency signals and the decrease in amplitude could represent the decline in cell’s life activities. 
Detecting amplitudes and frequencies of signals can realize the measurement and forecast on condition of 
plants life. 
5.  Conclusion 
Wavelet de-noising can effectively retain original characteristics of electrical signals in corn when 
taking noise away. Electrical signals in corn are low-frequency signals which frequency is below 1Hz. 
Frequency distribution and amplitude kept stable when corn was exposed in temperature acceptable for its 
growth. The distribution of frequency moved towards low-frequency and amplitude fell when temperature 
got higher exceeding the limit. The fall of electrical signals’ amplitudes and the disappearance of high-
frequency signals can serve as physical indicators reflecting change in physiology. 
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